In investigations on slow acid development by lactic acid starter cultures,2 only limited consideration has been given to the effect of other bacteria present in the raw milk. Attention has been directed to inhibitory effects of such substances as nisin produced by certain streptococci and to possible inhibition by other bacteria (Cox and Whitehead, 1931; Babel, 1955 (Czulak and Meanwell, 1951; Keogh, 1958) . As indicated by the report of Mosely and Winslow (1959) , the problem appears to be more complex than previously considered. Accordingly, investigations were conducted to determine if, during different seasons, the storage or raw milk with accompanying bacterial development would increase the incidence or degree of lactic starter inhibition. Milk samples were brought to the laboratory promptly where portions were removed for initial testing. The remainder of each sample was dispensed into sterile 1-L flasks and immediately placed in storage. Since the primary purpose of the study was to determine the effect of bacterial development during storage on subsequent lactic culture activity, a storage temperature of 10 C was selected. This temperature was considered to be sufficiently low to encourage growth of psychrophiles and yet give more extensive bacterial development than would occur at lower temperatures.
In investigations on slow acid development by lactic acid starter cultures,2 only limited consideration has been given to the effect of other bacteria present in the raw milk. Attention has been directed to inhibitory effects of such substances as nisin produced by certain streptococci and to possible inhibition by other bacteria (Cox and Whitehead, 1931; Babel, 1955) . However, little specific information on the latter aspect of starter slowness is available. Olson et al. (1955) found no reduction in acid production when milk had high bacterial counts due to incubation at 80 F before heat treatment. Different seasons and different sources of milk were not investigated.
Conditions of milk production and handling have changed markedly in the last 10 years. Under farm bulk tank systems, some milk may be several days old before being pasteurized for cheesemaking. Cases of slow acid development in starters and cheesemaking often are not traceable to bacteriophage, antibiotics, or germicides (Czulak and Meanwell, 1951; Keogh, 1958) . As indicated by the report of Mosely and Winslow (1959) , the problem appears to be more complex than previously considered. Accordingly, investigations were conducted to determine if, during different seasons, the storage or raw milk with accompanying bacterial development would increase the incidence or degree of lactic starter inhibition. Milk samples were brought to the laboratory promptly where portions were removed for initial testing. The remainder of each sample was dispensed into sterile 1-L flasks and immediately placed in storage. Since the primary purpose of the study was to determine the effect of bacterial development during storage on subsequent lactic culture activity, a storage temperature of 10 C was selected. This temperature was considered to be sufficiently low to encourage growth of psychrophiles and yet give more extensive bacterial development than would occur at lower temperatures.
MATERIALS AND METHODS
Storage periods used were 0, 24, and 48 hr measured from the time of arrival of samples at the laboratory. At each storage period, lactic culture activity in the milk was determined by the procedure outlined below. Determinations were also made for initial titratable acidity. Standard plate counts using tryptone glucose yeast agar were made on the samples both before and after pasteurizing. Total solids content (gravimetric) was determined on each original sample.
As a check on lactic culture activity and to provide a basis of comparison between trials, control milk samples were used as a standard. Control milk was made from reconstituted nonfat milk solids, previously tested to insure absence of inhibitory substances. The same lot of powder, held under refrigeration, was used throughout the study. Reconstituted milk was prepared to contain 9.0 per cent solids in sterile distilled water. In each trial, the control milk was stored in duplicate lots and tested in the same manner as the producer samples.
In testing lactic culture development in the milk initially and after each storage period, the duplicate producer samples and control milk were dispensed in 100-ml quantities into 6-ounce prescription bottles. The 100-ml samples were pasteurized in a water bath at 62.5 ±t 0.5 C for 30 min. After cooling in water, they were held in the refrigerator 3 to 4 hr then tempered to 21 C and inoculated.
Two different lactic cultures (designated A and B) were used with each lot of milk. Both were multiple type mixed strain, widely used commercial cultures3 and were propagated in reconstituted, pretested, nonfat milk made to 9 per cent solids. Transfers were made 3 times weekly with incubation at 21 C for 18 hr followed by refrigeration. (Duncan, 1955 After 16 hr incubation. As indicated by activity factors generally, the producer milk samples developed less acidity in 16 hr than the control milk (table 1) . Such reduced activity with milk heated to only 62.5 C for 30 min is recognized (Olson et al., 1955) . However, the results show a definite seasonal difference in this respect with winter milk supporting greatest culture activity and spring and summer milk giving the least activity, particularly with nonstored samples.
In the fall, storage of milk decreased the mean culture activity as measured at 16 hr incubation. With culture A the decrease was significant after 24 hr storage and with culture B the significant decrease occurred after 48 hr storage. Conversely, in the remaining seasons, except with culture B in the spring, culture activity was greater in the stored milk than in the nonstored milk. This increase sometimes occurred after 24 hr of storage, sometimes after 48 hr, and sometimes after both.
After 24 hr incubation. After 24 hr incubation of inoculated samples, general activity was still greatest in the winter milk ( evidence of inhibitory substances in the original milk, which persisted through storage.
A summary of bacterial counts of the raw milk samples at each storage period in each season is presented in table 3. As might be expected, the log average count at 0 hr storage was lowest in winter and highest in summer. Increases during storage were generally in accordance with the initial counts and the probable stages of logarithmic growth involved. After 48 hr storage of summer samples, counts were generally very high. The initial titratable acidity on several of these samples was between 0.20 and 0.24 per cent. A few samples were discarded when they coagulated on pasteurizing.
Although log average bacterial counts oni pasteurized producer samples (table 3) were highest in summer and lowest in winter, storage did not greatly influence the numbers of organisms surviving pasteurization except when raw milk counts became very high. Except for the 48 hr storage period in summer, average bacterial counts on pasteurized milk samples generally were low. There were occasional exceptions in individual samples where thermoduric organisms were presumably present.
Bacterial counts oni the unpasteurized reconstituted control milk were low and virtually the same in each season (table 4) . Although there were some increases in bacterial counts after 48 hr storage in spring and summer, the numbers still remained low. Counts on pasteurized control samples were very low at all times.
The mean percentage of total solids content of the producers milk samples was 12.72 in fall, 12.57 in winter, 12.52 in spring, and 12.34 in summer.
DISCUSSION
Since special studies of possible inhibitory flora were not made, it was not determined if the slower culture activity in stored milk than in nonstored milk during the fall resulted from the bacterial flora in the raw milk. The relatively small number of organisms preseint makes this rather doubtful. Possibly some enzyme, as suggested by Jago (1954) , was responsible. On several occasions, tests made on stored milk giving reduced culture activity indicated that bacteriophage was not involved in these cases.
The frequent and sometimes considerable increases in culture activity in stored milk in spring and summer may have been due partly to proteolysis resulting from extensive bacterial development in the raw milk. Although no test was made for protein changes, some proteolysis probably occurred (Allen, 1930) . The stimulatory effect of certaioi protein fractions on lactic culture activity has been well established. However, storage also resulted in increased culture activity in winter milk where bacterial numbers were low and increases in counts were small. It may be speculated that some natural inhibitory property of milk (Keogh, 1958) was diminished by storage. Although no data were obtained on flavor changes or quality of incubated samples, frequent checking duriing the study indicated that the producer samples stored 48 hr during winter sometimes had a slightly rancid flavor and odor. Although lipolysis might be expected to retard lactic culture activity, it was in winter that acidity levels were highest, and an increase in activity was also associated with storage.
The high-count, raw milk at 48 hr storage in sprinig and summer, although generally giving greater lactic culture activity, frequently had off-flavors that were also evident in the incubated, inoculated samples.
Hence, storage conditions contributing to excessively high counts in the raw milk would be undesirable under practical conditions.
Since mean total solids contents of the milk durinig the four seasons were not markedly different, variations in the general level of culture activity with season probably were not caused by total solids content.
The fact that, with culture A, significant differeniccs occurring at 16 hr incubation were not present at 24 hr incubation suggests that if larger inoculations, higher incubation temperatures, and shorter incubation periods had been used, the differences observed may not have been detected. SUMMARY Milk samples were obtained during four consecutive seasons from 16 grade-A producers and tested for lactic acid culture activity after 0, 24, and 48 hr of storage at 10 C. Two widely distributed commercial lactic cultures were used. The general level of culture activity as measured by mean titratable acidity after 16 hr incubation at 21 C was highest in winter and lowest in spring and summer. In the fall, storage of milk resulted in a significant decrease in mean activity with both lactic cultures. In the other seasons, however, storage resulted in a significant increase in mean activity except with one culture in spring, where storage showed no effect. Incubation of inoculated samples for 24 hr modified the results in all seasons to some extent.
Log average bacterial counts of the raw milk were lowest in winter and highest in summer. Log average bacterial counts on the pasteurized milk samples were usually low. However, numbers generally increased with increases in counts of the raw milk and were highest in summer when the raw milk had been stored 48 hr.
It was not demonstrated that changes in lactic culture activity associated with milk storage in fall and winter arose from bacterial development in the raw milk. However, it is suggested that the increases in culture activity with storage during spring and summer may have been due to some proteolysis caused by the extensive bacterial development in the raw milk.
There was little difference in mean total solids content of the milk during different seasons. Hence, total solids content probably was not involved in seasonal differences in general levels of culture activity.
